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m m m 

*myt*&Ls mtvur-Y (led) , v— tf-y-r*- k cld) h©^^^ 

tfcfc^D, *»flc5Bt*PtbT©a[fl:^fU^A (GaN) JRIHyBt^f*- Fit* 
# * $ < * £ V> 3 fc* *i§# L/, B^jSgg^ 88 BJ^MCDH^ £ UTS 1 

1 5 0 12 ) *S*tU MS#P t 3^^^^>,'^-> < J : t T ^ij 1 j7 A (Ce) z^fiLx 

EDtJtft*3tt»*li*^te*fcaftLED7r»4, *fi£tt (6 0 0 nmEU) JfctfWj* 
fifff^ (4 8 0~5 10nm) tf>ftg#4>£ < , L^ft, ^Jtm^fr 5 03fe©¥^afel¥ 
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Optical Materials 6(1 9 9 6). pi 5 3-1 5 9 fcWU §6ft4Mt£bT, C rT 
jKS$nfcCa 3 Sc 2 Ge 3 0 12 *t|B«$tlTVs*. UfrfctfS, M 

M 1 a M 2 b M 3 c O d (I) 
K (I) M 1 «2ffi<D^M5c^, M 2 tt3flSO^JR5c^ M 3 te4>&<£*>S I* 
£tr4ffi0&«7c*£^U a«2. 7-3. 3, bttl. 8-2. 2, ctt2. 7-3. 
3, dttll. 0-13. 0<DmW<D%C?hZ> o ] 
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03 8u »MJfc*m£LT©#f6H©£tt#£, ¥W5Ht*?t^6««Sn*563t 

h 4 fit. ei 3 ic^r^^*a*a^OT^j»wM©-iiii«*3STflia;tt»fiB 

fBW*£*rr*fc»©»&©»« 

<&©-?&£. *»W©S>6fctt, HRfc, M 1 , M 2 &tfM 3 ©&Jl7c5g£^trtg£i? 
te*n?&D» M 1 3 M 2 2 M 3 3 O ! 2 n5^a©^-^ 7 h^iypfjg©4b-&#J©*T, 
^©M 1 *«2ffi, M 2 ^3ffi, M 3 »&< tfeS i ££tMfli©&JR7C*T* 

3bt#©#&£-f £ £ <h «ait^ 0 

5£ (I) 2flfi©^J|l5c*M 1 tLTtt, B3fc3&*fc£©lB)&>6, Mg, 

Ca, Ziu Sr, C d£tfB a*6jfc*#j&>5*R3ttfc^fc< £<b UTrfcO* 
U<tt, Mg, CaXttZnTSD, EfcjfF £b < «C aTi&S, CO^, Call#» 
^Tt) < fc<, Mg£©«££TfcJ:V>. M 1 ^ S#«fctt±t5©^3lS^Sj£5 £ 
* t te© 2 Lfcm^Ofg^*^«*MO*^#Ofg^^* 

KSWX&TF* HK:Jf*b<ttl ; EJU%£ilTT»*. 

3 (I) fcfctt* 30(D^P7cmM 2 tUT«, H*©iSj&>&, A 1 , S 

c, Ga, Y, In> La, Gd&tfL ufr«5i^6gft£tlfc'>&< tt> 

»*U<tt, Al, Sc. Ymu^lJ, IldfSKttScT**. £©*£> 
ScttMtfej;< 1 YXttLu£©*£*T'b«kH. M 2 te, gS#MK:au ±|B©t5 
- t#»*l/W ffi© 3 ffi©^JR7C*t?«j|Lfcm3tfr©l6^S&*^IKIIlKf 
©ibt#©563t«*©7 0X«±*«»-r*«HK:*ViT, tt©3«©^*5c**^T 
UTfc«fcV>. fcfc, ^©&©ft&©3ffi©&M7C^©&ffl»J£tt, M 2 k:ftU MlOt 

S (I) K£ttSM 3 «, 4>fc<£fcS i fcStMfli©*JI£^ra«, S i©^ 
il#5 0^;P%J^±, Jf?£L<tt7 0^E;l/%^±. HlCff*L<t48 O^XK 
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&tmu<Dm>t>, m%> ti, Ge, zr, sn&tmf ^siifc*»*6a*{*nfc^ 

fc<£fc lttTfcD, $?£b<&, Ti, Zr, S nR^H f #6>*fc5l¥#e>3Ift$ftfc 
llTfe^ Il:ff*KttSnW. Wfc, M 3 j&*H*tWk:S i#6jS« 

*L<tti^X£inFT**. 

jtf-^yMWMijfitt, WJ6U&*K:, S (I) a#3, 

b#2, c#3, d3ft«l 2©ft:iC^»^©tea-C««. bfrbfc^S, **Wfc«ViT 

ftgfcg&LfcD, Milfc^KOISHSIfcEfiUfcD'r*. a (I) 

ate 2. 7 - 3 . 3, b tt 1 . 8 - 2 . 2, c 2 . 7 - 3 . 3, dttll. 0-13. 

0®«fflT&0, $?*L<fcL att2. 9-3. 1, bttl. 95-2. 0 5, c&2. 
9-3. 1, dttll. 65-12. 3 5©ii^^, 

site. mtifi-*v bffifkft&oik&®mftft\z$%zti%%x*,M*>tbx\t, 

mtltmUVWftio. 9ft. Cr, Mn, Fe, Co, Ni, Cu, Ce, Pr, Nd, 
Sm, Eu, Tb, Dy, Ho, Er, TmRXfYbfr$l&%mfr6Mft2tltz'p-fr< t 
h ia^)2-40(7)7C^lr^D, $?£L<te, Mn, Fe, Co, Ni, Cu, Ce, S 
m, Eu, Tb, DyRtfYbftZf&Zmfr$fflR2nrz&U<tbim<DKmi!&Q, 
W)Zft$.L<\Z. 2i©Mn, 3tt©Ce, 2gl<«3j|©EuX}j:3i0TbT^O, 
mztitg. L < 3 0OC e T&Zo 
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tl 0 0 0-1 6 0 0t, #£L<&1 2 0 0~ 1 5 0 0^*6 2 Jnift 

t^cchfc.tofTbn^o m#hm«, mm. -mitmm. =m<t&** Mm. 

m. -mtmM. mmu^<Dmmit^rz\tmmytnm^.T. 2m<DUn. 2icEu, 3 

z\z\x\ u'mit^. u 2 m<t^m. M 3 mikG®, f&t*<iy(*><D7tmm<t 
%mthx\z. **07c*©«mm&, #sMt*K m&. * 
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?fS.t>*>. MglMilTH MgCK Mg (OH) 2 , MgC0 3 , Mg (OH) 
2 • 3MgC0 3 • 3H 2 0* Mg (N0 3 ) 2 • 6H 2 0, MgS0 4 , Mg (OCO) 2 ■ 
2H 2 0, Mg (OCOCH3) 2'4H 2 0, MgCl 2 % Caift^ilTft Ca 
O, Ca (OH) 2 , CaCO s> Ca (NO,) 2 '4H 2 0, CaS0 4 • 2H 2 0, Ca 
(OCO) 2 -H 2 0, Ca (OCOCH3) 2 -H 2 0, CaCl^, ZnaWfr&ftfcb 
Ttt> ZnO, Zn (OH) 2 , ZnC0 3 , Zn (NO,) 2 , Zn (OCO) 2 . Zn 

(0COCH3) 2 , z n c 1 2 m&mf 5>ns, 

3fi5<Z)&Jl7C^M 2 <i:UT, Al, Sc, YStfL u Ci^OM 8 ffiWfc-&to&A 

T&fc^ A 1 LTW\ A 1 2 0 3 , Al (OH) 3 , AlOOH, Al (N 

0 3 ) 3 - 9H 2 0, Al, (S0 4 ) 3 , A1CI,9, ScIft^iLTtt, Sc 2 O a , 
Sc (OH) 3 , Sc 2 (C0 3 ) 3 , Sc (N0 3 ) 3 , Sc 2 (S0 4 ) 3 , Sc 2 (OCO) 
6 , Sc (OCOCH3) 3 , ScCl,*, YIft^bm Y 2 0 3 , Y (OH) 3 , 
Y 2 (C0 3 ) 3 , Y (N0 3 ) 3 , Y 2 (S0 4 ) 3 > Y 2 (OCO) ,. YC1,*, L ul 
it&VatLTfc. Lu 2 0 3> Lu 2 (S0 4 ) 3 , LuCljW^nS. 

4ffiCD&M5ti£M 3 £bT, Si, G e Iktt S n <Z)$££>M 3 »ffc£4&£jM*fi<j 

"TfcfcS, S iSWfr&tttUTBU Si0 2 , H 4 Si0 4 , Si (OC 2 H 5 ) 4 , CH 3 
Si (OCH3) 3 , CH 3 Si (OC 2 H s ) 3 , Si (OCOCH3) GeSft^* 
<bLT«, Ge0 2 , Ge (OH) 4 , Ge (OCOCH 3 ) 4 , GeCl 4 f, Sn«ft^ 
%£bT&> Sn0 2 , Sn0 2 -nH 2 0, Sn (N0 3 ) 4 , Sn (OCOCH 3 ) 4 , S 

ZZIZ, %y&Piy(*><D7t*tLT* Mn, Ce> EuSi;Tb©«^Ojc*iBft^ 
MnHtlTtt, MnO r Mn 2 0 3 , Mn 3 0 4 , MnOOH, MnC0 3> Mn (N 
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0 3 ) 2 * MnS0 4> Mn (OCOCH 3 ) 2 , Mn (OCOCH 3 ) 3 , MnCl 2 , Mn 
C 1 3 m. C eUit^m tLXit, Ce 2 0 3 , Ce0 2 , Ce (OH) 3 . Ce (OH) 4 , 
Ce 2 (C0 3 ) 3 , Ce (N0 3 ) 3 . Ce 2 (S0 4 ) 3 , Ce (S0 4 ) 2 , Ce 2 (OC 
O) 6 , Ce (OCOCH 3 ) 3 , CeCl 3 , CeCl 4 ^, Eu»|jilT}i Eu 
2 0 3< Eu 2 (S0 4 ) 3 , E u 2 (OCO) 6 , EuC 1 2> EuCl 3 f, TbM£#f 
tVT\$. Tb 2 0 3 , Tb 4 O r Tb 2 (C0 3 ) 3 , Tb 2 (S0 4 ) 3 , TbCl 3 ^ 

0 0 0 1-0. 3^;i/T&0, TISW:$?£L<te0. 0 0 l^T&D, ±RSOT£L< 

3ffiOCeTr*5«^. *M£#6lHS*M©*T^©«H©3fe*!ftttU lift, lift, 
lift, #ft, ^nso't'Wfeftfo, J;0ft«a0^«*i£«BT«. fit, *©i§iigft 
©•SHjfc£fc**fcK «3te#©»3t©**^aiJ6Ufc»*0583ttfi*, JIS Z8 
7 0 lTM^n-SXYZg-femTSU»©> fiMxty(D?Q}t (x + y) fcO. 
6 **£«©#»* IX, (x + y) £0. 8*HJBT*®*«Xk:ff*UK fc43, ft 
M«x t y ©fn©±Eli l T*&3„ 

oricfiy»Lfc«ttT, ft^sstf (topconsh tbmsaj ) £jbv>t, 

4 6 0 nm« (1 5 0 W^-fey >y >7^£®^&^#ft#gT#ftL£3fc) 

ttLt£mtz<mm*Mi£$'Zo 2 swz&vzmmizft-rz, loorn^^ws^ 
(%) i-r^o 
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©&3fc#&£A/WrfcJ:K 

<kD«»ft©^HR)t*5rr«ft3t#T!*ntf, waMRSttfc^ #6, ss, 

fc55 8 0-7 8 OnmOJtWt Sf«*5:t«K, * 

2ffi(0Eu*«3t-f*>ttfc'a3t#O«^tt, «*tf, CaS:Eu 2+ , SrS: 
Eu 2+ «*©5fefc«*£3fcffc C a 2 S i 5 N 8 : E u 2+ , S r 2 S i 5 N 8 : E u 2+ , B a 2 
S i 5 N 8 : Eu 2+ ^<mb«3£^ Ca (Si, A l) 12 (O, N) 16 :Eu 2t f 
©**->»b»*abt#*«»*UV>. 3faEu*»3fe**>fcUfc*^©*&M:, La 
2 O z S:Eu 3 \ Y 2 0 2 S:Eu 3f fO^->«E«Sm 3ffi©Eu(C7ir5 1 ^ 

4«OMn 45S3fc'ft>i:l&S^#0*^H 3. 5MgO-0. 5 Mg F 2 • G 
e0 2 : Mn 4+ mW£L^ a E u 2+ *«^'T^>i:-r*«^«l3R^#*J:tf 

♦JSM©^*?**^****^*?^ *n^6Fj«3t©«H©3t*«3tr 
£fc©Tfc*lfc£, tf£IMHS*l£V»a*, ^Tt), 3 8 0-5 5 0 nm©«fifc«©ft£3g 
Ttf «fitS#©TISfcJU $fSl<a4 0 0nm, HlCff*'l/<tt4 2 

OnmTobO, »fi««©±IStt, ^L<«5 2 0nm, Mtdfr £L< £5 0 0 nmT 

$fc. *58W©S3tt#tffi©at3t#*flffflb, **«©5Bt*^*«ia-r*¥##5B3e 
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ill^lOOm CORtffl^«ttfl)S3t#tl/Ttt, ffr»©«S 5 8 0 ~ 7 8 

tit* 04fc^-rmt, ^^Tl^a^^fc®^«B^^g8^ ^®^afico¥ 
M^^^^iiet^nfc^o^^-T. i o <wm\z. ^<nmm^- 1 £§as 

S±^Cffi^$n> O0ffiii[^9®^C^^T^-^BJ§$0B|Bj7t<!:^^. 

M'if^titLTC aC0 3 : 0. 0 2 9 7^E;k M 2 ^b-&tl<i: LTS c 2 0 3 : 0. 
0 1 M^-ft^^UTS i 0 2 : 0. 0 3^)1, W^'b^ ^rXDytmUit^ 
tLXCe (OCOCH 3 ) 3 : 0. 0 0 0 3 ^EJl/£, M*<h*{C, 7,0^:M2<Z)&i§£ 
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@U:^lfc, JIS Z 8 7 2 2T&££tl3XYZ^&^ 

iCWMIIxty*, 8ftlWM5nm£UTj|^b&££3, x=0. 2 8, y = 
0. x + y=0. 8 2 T^ofe. 3Wftfia***«SUfct £3 9 5 %T*$>o 

^ss^y 2 

Ifc&fiflJ nc*5V>T> M 1 IMiUCaC0 3 : 0. 0 1 4 7tJVt, Mg (OH) 
2 • 3MgC0 3 • 3H z O : MgilTO. 0 1 5 M z W^m £ LXS c 2 0 3 : 

0. 0 0 7 5^t, Y 2 0 3 : 0. 0 0 2 5 WZR VifcKfttt, HJ(S« 1 
TfiftflcfcaiSLfc. fc5ttfc£3fc#tt, »*x«0lffk:«k*«Wfte:J:D, m M 

"^h^fcHfcU |g2K*L£. CO^^^hJW^, £%0!1 fcH*lcl/rS* 
JSffx ty*HttlU&ti5» x = 0. 43v y = 0. 53T2b0, x + y = 0. 9 

H»3 
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mi t®m\zvT&m&Mxby*ntiALtztz.z, x =o. 2 8, y =o. 5 4t*d, 

x + y=0. 8 2T&ofc. :®t3tftfc, **m yfl«tel/t*ft3fc*J!Mf U 
HJ60J4 

^JS^J2td*ViT, M 2 jH^#i^bTS c 2 0 3 : 0. 0 0 5 0^1/, Y 2 O 3 :0. 0 

z.<D%tyt#<DRytzi9 hjvfrbs nmmitmmtzLT&mm&xtyzn-ftL 

fz£Z\Z, x = 0. 47, y=0. 50Tfet), x + y=0. 9 7T*oL Z\<D 

^«5«2fc*^T» M 2 iR^»tUTS c 2 O s : 0. 0 0 5 0^, Lu 2 O 3 :0. 
0 0 5 0t;^umH H«2i|5l^fCUTm7fc#:^3ib7 b Co *»5*lfcSbt# 

^tBL/fe<i:^5, x = 0. 4 5, y = 0. 5 x + y = 0. 9 8T&ofc. 

zio^frfc, nmwi tmmizvTn&ftzmmb, *<DM*mm*mmLttbz.z* 

f£iS0»J6 

fcfcvvr. M 1 SUb£fc£LTCaC0 3 : 0. 0 1 4 7^K ZnO: 0. 

m*x'&®&T\z£z%m\z&Y), &i\z7*tmfc0ti-*y vm^mmo^^^t 
u &mmz%x*M*>£LT3m<DCe^i?fz%<nT&zztJ)mmistirzo 
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fc^HS* x = 0. 29, y=0. 54T&9, x + y = 0. 83T&ofc, £0 









(Ca 0 99 ) 3 S c 2 S i 30 12 015 ^ C e +3 


SIM2 


(C a 0 4 9 Mg 0 50 ) 3 (Sc 07S Y 0 2 5 ) 2 S i 3 0 12 0l5 : Ce +3 


§£»J3 


(Ca 099 ) 3 Sc 2 S i 3 O x 2 ,o i s • Ce +3 




(Ca 0 49 Mg 0 50 ) 3 (Sc 0S0 Y 0 5 0 ) 2 S i 3 O 12015 : Ce +3 




(C a 0 4 9 Mg 0 so ) 3 (Sc c 0 . so Lu 0 50 ) 2 S i 3 O x 2-0 1 . : C e +3 


IIM6 


(^ a 0.4 9^ n 0.5o) 3^ C 2 S 1 3^12.018 ' Ce +3 



Y 2 0 3 : 1. 0 5^, Gd 2 0 3 : 0. 3 9 A 1 2 0 3 : 2. Ce0 2 : 

0. 12^E)V, MmtLXBaF 2 : 0. 2 5^, 8*67K£#fC> 7;P$ 

tzo n%ntz®ftm&®iZ7)v*i-mm-?. *mr, 1450^^x2^™^^ 

Gd, 26 Ce, 04 ) 3A1 5 0 I2 W^c. 

£-3, x = 0. 4 5, y = 0. 5 3T*?K x + y = 0. 9 8 T&t>fc. ffftftft¥£ft 
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*!S«ilTf»6nfcm^t#ftlbl5#T** (Zn, Cd) S:Ag («^^hn 

^^*s^aa, *3fe**M«3fc# rLDP-R2j ) EtT©^jrr«raa 

5feT, mmLEVJ%V>7V-J±V>tlyZfW\Z. 4 6 0 nm©$gTMt5L ED 
(C r e.eftgj TC4 6 0-MB 290-ElOOOj) «^-XbCDi«ttJD7'> 
>hM^T^>j^>^lt ' Au»£J8V>TLED0«I<!:, 

(Zn, Cd) S :Agti»Jlt#^fcS», SSJt4 : 9 6T 
LED*3j?>-r>f >^Lfc7U-A©*y7lB^K:a^/f. 1 2 0 *CT 1 Rfflftft 

a#a!afiLEDs»fc. 

fcfc, fifiLEDH G&2 4C) \Z&^T. 2 0mAT»U; o SfeLED^ 
X^? h;p£*U5£L£; 0 SEtX^ h;KZ)x-^tt, 3 8 0~7 8 0 nm©l5H£5nm 

2. UU-*> (lm) T&ofc. 

H5S0J8 
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H«J7fC*3^T> fcG&ytfttLT* ^Eu (TTA) 3 (TPPO) 2 &%\,K 

@#Eu (TTA) 3 (TPPO) 2 fc, PiTCiClIL 

7-Y >3**->k ^©H-TTA«7 i yi';i/hU7;^D7-th>^-r. 
£1*, H-TTA, TPPO, NaOH£, 0. 3rao 1/L, 0. 2mo 1/ 

u o. 3mo i/Lommr^tzjLfy-jimGmmzQ. s^yhjvmm^tz. 

uO^MlT6 0-7 0X:<DmWlZ&*>l5.j)t<o&<MWL. *:Z.lZ. 0. 5mo 
1 /L(D^ka-Dhr7A7KMl 0 0ml £3 O^JtTffllTUfc. SSnfctfcK** 

uOSfeLEDOME C I EftajSSttxS^y, ¥$Sfittffflli&R a, ftftm 
fittff#»R 6 %*«W7 ti^«K:UT*©fc. ^O^^2^1"o C^tf 

o±ytmt. 2. 2;p->> dm) 

J£tS#J2 

^CfifeLEDCMI. CIEfifflSSIxRtfy, ¥J%»fittSMfi»R a» 4$%% 
<D±yCM\t. 1. 9;i/-^> (lm) Tfcofc. 



312 





CK] 




R a 


R * 


X 


y 


§I»J7 


5 9 0 0 


0.3 3 


0.3 3 


9 2.5 


9 1.9 




7 4 0 0 


0.2 9 


0.3 4 


8 8.2 


9 2.7 


Jt^2 


6 0 0 0 


0.3 2 


0.3 3 


7 5.9 


7 3.6 
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n $ <d $s m 

1. tibhKjS (i) -c»sn4jif-*iy httiti^««f &##fc£58 

U\U\U\O d (I) 
CiS (I) 4>, M 1 tt2ffi<D^JR3fc^ M 2 «3ffi0&S7cUt, M 3 tt'M<tt)Si$ 
£tT44Hi0&S7C*&*U a»2. 7~3. 3, bttl. 8-2. 2, ctt2. 7-3. 
3, dttll. 0-13. 0©I6H©*T»*. ) 

2. M 3 T^$n3 4ffiC0&Jl7cffl<Z>5 Ot^XEUitfS i 1 fcE*0SBfc#. 

3. it (I) fc*W-S 2ft©*JR7C*M 1 ^ Mg, Ca, Zn, Sr, CdMBa^ 

5. 5£ (I) IC*>t* 3«<^^M7C^M 2 ^, Al> Sc, Ga, Y, In, La, Gd 

6. 5* (I) 3«©^Mtc^M 2 ^, Al, Sc, YXteL uTJ&S 1 fcfEfc® 

7. a (I) KlfcttSS i£W0 4fl50^P7C*M 8 ^ Ti, Ge, Zr, S nWH 

8. a (I) KfcttfcS i&ft®4ffi0£Ji7C*M 8 tf, Ti, Zr, SnfttfHffrS 

9. a (I) S iJ£W<£ 40<Z)&Jg5ti$?M 3 #, GeXttSnt»4 1 KEft© 

10. f&t* Cr, Mn, Fe, Co, Ni, Cu, Ce, Pr, Nd, S 
m, Eu, Tb, Dy, Ho, Er, TmRTfYbfr5l&Z>mfr'bm$l2nrc'J>U< th 

i m<D7tmr$>2> 1 cgB*©s3tft. 

11. fStt+'k-f* >ifi. Mn, Fe, Co, Ni, Cu, Ce, Sm, Eu, Tb, D 

12. f63t+^*>^ 3fl50CeT**lCE«©lt3t#. 
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13. S (I) l:W2ttO^I%|M 1 ^Ca^D, 3ffi0^Jg7U^M 2 ^S c T 

14. S (I) 2ffi<Z)£Jl7C^M 1 7^C a <hMgT&D, 3fl5^^M7C^M 2 ^ 

1 5. myt$'M*><Dttmtf. *fcfc£4&i5»s&Do. oooi-o. 3^;ut 

16. XYZiMTiLfcttCfiSIixtyW, (x + y) ^0. 
6 *m&T% 1 

1 7. 9 0 XfiLhT** 1 iClBtte&ftflE. 

18. «ftflElft«»tUT01~l 7©Mn^K:|E«©«3t#^ **3ftfe&TiJ«3fc®lB 

19. 2a««±©»t#^tn 8 fcK«©5Bfc*F. 

9 obut&s 1 8 \ztm<Df£ytm? 0 

21. i8~2o ©^*oE«G^*«*ii£-r* £ i «4*at-r*ii«*^s«. 

2 2. 1 8-2 O©Mn^tCffi*0^3R^F*^St*r*Jlt*^a4:1-SJIB^«. 
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m m m 

+£W*>*a*LTJfc*£ft# (A) , *MjMmfcLT©ttSM# (A) t, 

mt^M 1 ? (b) *%m£tzm&&m3t (o (d) 0 

M^M^M^O, (I) 
(5£ (I) + , M 1 «2TO^M7C^, M 2 «3fiE©^M7C^ M 3 «4ffi£>&Jl7C^£ 
?kU a&2. 7~3. 3, bttl. 8^2. 2, c&2. 7^3. 3, dttll. 0 ~ 
1 3. 0V>m®<D&T:-&Zo ] 



